We investigate the effects of unparticles on γγ → γγ scattering for photon collider mode of the future multi-TeV e + e − linear collider. We show the effects of unparticles on the differential, and total scattering cross sections for different polarization configurations. Considering 1-loop Standard Model background contributions from the charged fermions, and W ± bosons to the cross section, we calculate the upper limits on the unparticle couplings λ 0 to the photons for various values of the scaling dimension d(1 < d < 2) at √ s = 0.5 − 5 TeV.
I. INTRODUCTION
Recently, a mind-blowing, and very interesting, new physics proposal has been presented by Georgi [1] . According to this proposal, there could be a scale invariant sector with a nontrivial infrared fixed point living at a very high energy scale. Since any theory with massive fields cannot be scale invariant, the Standard Model(SM) is not a scale invariant theory. Therefore, such a scale invariant sector, if any, should consist of massless fields and would interact with the SM fields at the very high energies. One of the most striking low energy properties of that proposal is that using the low energy effective theory considerations one can calculate the possible effects of such a scale invariant sector for the TeV scale colliders.
In the Ref. [1] , the fields of a very high energy theory with a nontrivial fixed point are called as BZ(for Banks-Zaks) fields according to Ref. [2] . given as
where d is the scaling mass dimension of the unparticle operator O U (in Ref. [1] ,
and the constant C U is a coefficient function.
Using the low energy effective field theory approach, very briefly summarized above, in
Refs [1] , and [3] main properties of the unparticle physics are presented. A list of Feynman rules for the unparticles coupled to the SM fields, and several implications of the collider phenomenology are given in the Ref. [4] . In this paper, our calculations are based on the conventions of the Ref. [4] .
Searching for the new physics effects, the e + e − linear colliders have an exceptional advantageous for its appealing clean background, and the possibility for the options of eγ, and γγ colliders based on it. Recently, for the new physics searches, as a multi-TeV energy electronpositron linear collider, the Compact Linear Collider(CLIC) proposed and developed at CERN, is seriously taken into account. Numerous works on the CLIC have been done so far [9] . As other e + e − linear colliders, the CLIC would have the options for e − e − , eγ, and γγ collider options, and possibilities of polarized e + , e − beams. In this paper, we consider the γγ collider option of the CLIC, to search for the unparticle physics effects. Our results can easily be extended for other possible future multi TeV-scale linear electron-positron colliders. In Ref. [10] , a detailed analysis on γγ option of an e + e − collider has been given. Since γγ → γγ process can only occur at loop-level in SM it gives a good opportunity to test of new physics which has tree level contributions to the scattering amplitude. Regarding this process, as new physics searches, for example, supersymmetry [13] , large extra dimensions [14, 15] , and noncommutative space-time effects [16] has been taken into account. Here, we study the effects of the unparticles on this process.
II. GAMMA GAMMA SCATTERING
The lowest order SM contributions to the γγ → γγ process are 1-loop contributions of the charged fermions, and W ± bosons. In the limits, for mandelstam parameters, s, |t|, |u| >> M 2 W , and using certain symmetry arguments given in the Ref. [12, 13 ] those 1-loop contributions can be expressed briefly. We present the corresponding 1-loop SM amplitudes in the Appendix A 1. Analysis of Fox et al. [17] , highlights that the existence of the scalar unparticle operator leads to the conformal symmetry breaking when the Higgs operator gets the vacuum expectation value. If this symmetry breaking occurs at low energies some strong constraints are imposed on the unparticle sector. Here, we assume that the effects of unparticle sector on future high energy collider energies could be measurable.
Using the low energy effective field theory assumptions of Ref.s [3, 4] , there are three tree level diagrams contributing to γ(p 1 )γ(p 2 ) → γ(p 3 )γ(p 4 ) scattering amplitude from the exchange of the scalar unparticle U S which can be expressed with the following amplitudes
with
where λ 0 and Λ U are the effective coupling and the energy scale for scalar unparticle operator, respectively 1 . We use the appropriate form of the scalar unparticle propagator,
Since the mandelstam parameter s > 0 there is a complex phase factor due to s-channel amplitude. Thus, for s-channel propagator one can consider (−s [4] . The implications of such a complex factor could be studied only through the interference terms 2 . The interesting features of this phase through s-channel interferences between SM and unparticle amplitudes have been discussed by [3] . In the calculations of the unpolarized and polarized cross sections, we use the expressions given in the Appendix.
To give an idea about the unparticle effects on the unpolarized differential cross section dσ/d cos θ with and without unparticle effects is plotted in Figure 1 . In this figure, we Very recently, after the first version of this paper appeared online, Grinstein et al. [18] have commented on several issues related with the unparticle literature. Besides the comments on the scaling dimensions and the corrections in the form of the propagator for vector and tensor unparticles, they have pointed out that a generic unparticle scenario generates contact interactions between particles. Therefore, there could be generically a contribution like, for example, our Eq. 5 but without a q-dependent propagator.
In our analysis we have not considered such contributions, in other words, for very high energy physics effects due to the unparticle sector, we consider only O SM O U type interactions between unparticles and SM particles, and not consider O SM O SM type contact interactions between SM fields. 2 After we put the first version of the present paper online, Chang et al. [7] , have discussed the implications of this phase in the same context of our paper. For the polarized cross section calculations of the back scattered photons, we define M ijkl to be a helicity amplitude of γγ → γγ scattering. And, we use the following definitions
where the summations are over the helicities of outgoing photons. Therefore, depending on the initial fermion polarization P e , and the laser beam polarization h l , the differential scattering cross section in terms of the average helicity h γ can be written as
where f (x) is the photon number density, and h γ is the average helicity function presented in the Appendix A 3, and as √ s ee ≡ √ s being the center of mass energy of the e + e − collider, 
√ŝ
= √ x 1 x 2 s ee is the reduced center of mass energy of the back-scattered photon beams, and x = E γ /E e is the energy fraction taken by the back-scattered photon beam. In our analysis, we follow the usual collider assumptions (for example Ref.s [15, 16] ) and we take |h l | = 1,
and |P e | = 0.9. Also, since we consider the kinematical region M 2 W /s, |M 2 W /t|, |M 2 W /u| < 1, in our analysis, we use the cuts π/6 < θ < 5π/6, and √ 0.4 < x i < x max which have been used in the literature, where x max is the maximum energy fraction of the back-scattered photon, and its optimum value is 0.83.
In Figure 3 , and Figure 4 , to present schematic behavior of the polarized cross section with or without unparticle contributions, we plot the total cross section for two different polarization configurations of initial beams. We use the following definitions for the polarization configurations: (++) ≡ (+ + ++) = (P e1 = 0.9, h l1 = 1; P e2 = 0.9, h l2 = 1), and (+−) ≡ (+ − +−) = (P e1 = 0.9, h l1 = −1; P e2 = 0.9, h l2 = −1). Those figures could give an idea about the scaling dimension d dependence of the unparticle contribution. 
III. LIMITS
Searching for the unparticle effects in a high energy γγ → γγ scattering, we extract the upper limits on the unparticle coupling λ 0 regarding the 95% C.L. analysis. In the calculations, we use the standard chi-square analysis for the following χ 2 function Table I, and Table II for two polarization configurations. contributions come from (+ + ++) polarization configuration, and that can be expressed in the following form, Ref. [12, 13] . For the W boson contribution, other significant helicity amplitudes can be generated by using the relations M +−+− (ŝ,t,û) = M ++++ (û,t,ŝ) and M +−−+ (ŝ,t,û) = M +−+− (ŝ,û,t).
Expressions for unparticle contributions
In the calculations, we assume the following center of mass reference frame kinematical 
where ǫ 1 ≡ ǫ 1 (h 1 ), ǫ 2 ≡ ǫ 1 (h 2 ), etc., h 1 , h 2 = {+, −} stand for the polarizations, and we assume that the summation is over the final state polarizations.
Therefore, one can find the following terms
